TITLE OF TI^E INVENTION 

Device and Method for Low Interference Signal Transmission 
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This application is a continuation of pending International Patent Application No. 
PCT/DE02/03024 filed on August 19, 2002, which designated the United States 
and claims the priority of pending German Patent Application No. 101 42 102.8 
filed on August 30. 2001 . 
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FIELD OF THE INVENTION 

The Invention relates to a device and a method for transmitting digital data 
15 between units moving relative to each other. 

The fields of application of digital data paths are continuously expanding. In most 
cases of application, digital signal transmissions offer a substantial improvement 
over analog transmission paths. The costs of high-speed data-channels become 

20 lower as new transmission tecjinologies are being developed. In the meantmne, 
transmission channel bandwidths have become very inexpensive. Multiplexing of 
a plurality of transmission paths in one single high-speed channel is usually the 
most economical solution. This is the case particularly with high-speed 
transmission devices which transmit data over a short distance between two units 

25 which are movable, and particularly rotatable, relative to each other. 

DESCRIPTION OF THE PRIOR ART 

30 An especially important aspect of the application of high-speed data-paths, but 
also of any other instrument, is that of electromagnetic compatibility (EMC). 
Electromagnetic emissions are particularly critical with cable-bound transmission 
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paths and devices for transmitting signals between units movable relative to each 
other. However, transmitters/receivers and repeaters of glass-fiber based 
transmission paths also can radiate electromagnetic fields. 

5 Various methods are known for minimizing interference emission. These involve 
the fields of screening, modulation of data clock, and coding. Measures of 
screening usually involve high material outlay and mechanical outlay. These 
measures are therefore the most expensive. Measures for modulation of data 
clock may cause a widening of a transmitted signal spectrum in a narrow band 
10 region, and therewith a reduction of the signal amplitudes of single spectral lines. 
An efficient signal encoding has effects, particularly in a broad band, which are 
therefore particularly efficient. 

If the data are transmitted without any encoding, then bit combinations may arise 
15 which produce single discrete spectral lines of very high power. Here the most 
unfavorable case is that of a bit sequence 10 10. This produces the known 
square wave spectrum with the ground wave of the transmitted frequency, which 
corresponds to one half of the bit rate and its odd number multiples. Here the 
ground wave has the largest amplitude. In order to provide substantial 
20 improvement concerning interference emissions, the data are frequently encoded 
for serial data transmission by standard sets of chips. Current types of encoding 
are. for example, the 4B/5B or 8B/10B coding. These are described, for example, 
in the CYPRESS data sheet Cy7C9689A, issued by Cypress Semiconductor 
Corporation, San Jose, USA, June 11, 2001. Furthermore, the subject matter 
25 disclosed in DE 197 58 256.7 also form part of the present patent application. 

With a 4B/5B coding, for example, a 4 bit word is re-encoded to a 5 bit word. This 
leads to additional redundancy and also to the possibility of forming, by encoding, 
better bit patterns having changing bit sequences. Here an even better case is 
30 that of an 8B/10B coding. A coding of this kind provides a significant 
improvement; with this results of 6 dB were measured in trials. 
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The encoding methods described here are usually firmly integrated in standard 
transmitters or receivers. When it is desired to further improve EMC properties by 
means of better encoding, then this is hardly possible. Furthermore, a number of 
transmitters or receivers which are on the market perform no encoding of data 
5 and therefore have only very poor EMC properties. 

A certain extent of improvement of the EMC properties, achieved by widening the 
spectrum by means of scramblers, is disclosed in DE 43 40 330 A1. Here, 
however, continuous scrambling is proposed, which is practicable only with 
10 additional high outlay, especially in combination with known components for signal 
transmission, because for this, in particular, special synchronization circuits, as 
described in DE 34 03 650 C2, must be provided. 

Furthermore, in US 5,740,531 a device is described which transmits pseudo 
15 random patterns in the transmission intervals, in order to determine the quality of 
the transmission channel. 

SUMMARY OF THE INVENTION 

20 . 

It is the object of the invention to design a device and a method for transmitting 
digital signals from a first unit to a second unit which may be movable relative to 
each other, whereby any signals on digital transmission paths are modified by 
being encoded so that their EMC properties are substantially improved. 

25 

In the device of the invention the first unit comprises: 
a data transmitter for emitting the digital signals; 

a pseudo random-generator or a random generator for generating pseudo 
random values or random values, respectively, and 
30 - a combining unit for combining the signals emitted by the data transmitter 
with the pseudo random values or the random values; 
and the second unit comprises: 
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a data receiver connected to the data transmitter by a transmission path, 
for receiving the digital signals. 

In accordance with the invention a control unit is provided for controlling the 
5 combining unit so that pseudo random data or random data are transmitted during 
intervals between periods for transmitting information data (wanted data). 

The method of the invention for transmitting digital signals between a plurality of 
units of which at least one first unit comprises a data transmitter and at least one 

10 second unit comprises a data receiver, and at least one of the first units is 
connected by at least one transmission path to one of the second units, includes 
the step of inserting true or pseudo random data between information data, so 
that in a spectrum of a signal to be transmitted, gaps between spectral lines are 
substantially reduced, so that amplitudes of the spectral lines fall off, however 

15 without an entire bandwidth needed for transmission being substantially 
increased. 

Therefore, according to the invention a pseudo random generator is provided in 
one of the units emitting the signals, the pseudo random values of which are 
- 20 combined in a combining unit with the signals to be ernitted. By incorporating 
pseudo random values, the signal spectrum of which resembles that of a white 
noise in the ideal case, the gaps between the spectral lines of an information 
signal can be filled, and simultaneously the spectral power density reduced. This 
considerably improves the EMC properties. Here a further improvement over the 
25 above-cited encoding methods is also possible, because longer random 
sequences, even extending over a plurality of data packages, can be achieved. 
For example, a combination with the random data can be performed word by word 
before a serialization of the data stream, or even later in a serial data stream. 

30 An especially critical operating condition in many transmission devices, 
particularly in computer tomographs, is the rest condition. Here, with computer 
tomographs, no transmission of an image and therefore of data is made during 
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the times when the X-ray tube is switched off. As a rule, this is 90 to 95 % of the 
operating time. According to prior art, synchronization patterns are regularly 
transmitted here. These patterns have a constant value, i.e. the same bit 
sequence is always successively emitted for a long time. This is extremely 
5 unfavorable from the point of view of interference suppression. Here a remedy is 
provided by an emission of random numbers which can be generated with a 
simple random generator. Because, in any case, the synchronization pattern 
contains invalid values and serves exclusively for a synchronization of the high 
speed data path, the transmitted information is of no importance. Thus, simple re- 

10 designing of the transmitter to generate a pseudo random sequence instead of the 
image data in the case of the rest condition, can lead to a substantial 
improvement of the EMC properties. In the embodiments of the invention in which 
a pseudo random generator is exclusively employed in one of the transmitter 
units, but not in one of the receiver units, a random generator which also 

15 generates true random values can be employed. In the simplest case such a 
random generator can consist of, for example, a noise generator which feeds a 
comparator. When, for example, the noise signal exceeds a given limiting value 
at the instant of scanning, then the signal will become logically one, and in the 
other case, logically zero. True noise generators can always be employed when a 

20 correlation of the transmitted and the received signal with a noise signal is not 
necessary for recovering the information. 

A particularly good spectral distribution can be obtained by means of especially 
long code sequences. As a rule, these cannot be achieved by an emission of 

25 single short data packages. Therefore, an arrangement is proposed which 
converts the data stream with a conventional coding, such as for example 4B/5B, 
into a noise-like signal having a very long repeat time. According to the invention, 
the conversion is performed with a pseudo random generator which generates a 
deterministic pseudo random sequence, and a combination of this bit sequence 

30 with the data stream. Such a combination may be, for example, the exclusive 
OR- (EXOR-) combination. The output signal now has the sequence length of the 
pseudo random- number sequence, and with a high random-number sequence 
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can lead to a substantial reduction of the noise. In the receiver, a second identical 
pseudo random generator is employed which generates the identical sequence 
and combines this in turn with the transmitted signal of the data path, so that the 
original signal can be reconstructed. Here too, an exclusive OR-combination is 
5 particularly simple to achieve. The bit timing of the pseudo random-number signal 
must be synchronous with the bit timing of the data path. It is preferably of the 
same magnitude, but may also represent a multiple or a fraction of the 
corresponding bit rate. Thus, it would be conceivable, for example, that the bit 
timing generator is clocked with the word timing of the transmission means, so 

10 that it generates a new initial value only with each data word which, for example in 
the case of a 4B/5B coding, consists of five single bits. With this embodiment of 
the invention, it is unconditionally necessary to employ random generators which 
generate a known and therefore predictable number sequence. Only in this way 
is a reconstruction of the sent signals with a second random generator having the 

15 same function possible. Such generators are designated as being pseudo 
random generators, because they generate random values which are not true, 
because predictable. Nevertheless, with such pseudo random generators it is 
possible to generate statistically good equi-probable values, and therewith also 
broadband signals within the signal frequency range. 

20 

Of special importance is the synchronization of the two random generators on the 
transmitter and the receiver side. In a particularly simple case, the 
synchronization may be made via a low frequency auxiliary signal. This signal 
can be transmitted via additional transmission routes, such as. for example, 
25 mechanical sliding contacts. In order that the demands made on flank steepness 
or time shift of this signal do not become too heavy, it is expedient to begin a new 
sequence at the beginning of a data word. 

A further possibility of synchronizing both generators consists of transmitting a 
30 rest signal along the data path for a certain time. This is modulated by the pseudo 
random generator on the transmission side. Now the pseudo random generator 
on the secondary side begins to initialize the sequence at different starting times 
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for so long until it can recognize the rest condition signal. From this point of time 
onwards, both pseudo random generators run synchronously. In order to enable 
especially fast synchronizing, in this method the pseudo random generator on the 
transmitter side can first begin with a relatively short sequence which, for 
5 example, corresponds to the length of a data package. After a given time it 
switches to its longer standard sequence length. The pseudo random generator 
on the receiver side can detect this by a change of the bit pattern, and also use 
this for switching over to the correspondingly longer pseudo random-number 
sequence. 

10 

In accordance with the invention, a method is set out in which a first data stream, 
generated by the transmitter, is combined with a second random data stream. 
This, of course, does not refer only to one continuous data stream, but also to a 
sequence of data packages. In this, the random data stream may be a stream of 
15 true random data, or also of only pseudo random data. Preferably the exclusive 
OR-function is chosen as a combining function. Of course, other combining 
functions are also conceivable. By means of this combination with a random data 
stream, the gaps in the spectrum between the single spectral lines of the data 
signal are filled, which leads to lower spectral power density at the same 
_ _ 20 transmitted power. A suitable, combination for reconstructing the original signals 
is necessary in the receiver. 

In a further method, a random sequence (pseudo random sequence) is inserted in 
the intervals between the signals. This, particularly with transmission paths for 
25 which relatively long transmission intervals exist, results in a low spectral power 
density. Here, owing to the continuous transmission of signals, the 
synchronization between transmitter and receiver can be maintained even in the 
intervals. 



30 



BRIEF DESCRIPTION OF THE DRAWINGS 

In the following the invention will be described by way of exemplification, without 
limitation of the general inventive concept, with the aid of examples of 
5 embodiment, for which reference is made to the drawings. Shown by 

Fig. 1 : is a device according to the invention; 

Fig. 2: is a time-dependency diagram of a device in which random data are 

transmitted during intervals; 
10 Fig. 3: is a time-dependency diagram of information data which are copied 

by means of pseudo random data; 
Fig. 4: is an output signal spectrum of a 200 Mbaud PCM transmission 

path; 

Fig. 5: is an output signal spectrum of an 8B/1 OB encoded signal; and 
15 Fig. 6: is a spectrum of a signal encoded by means of a pseudo random 
number sequence. 
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DETAILED DESCRIPTION OF THE INVENTION 



Fig. 1 shows schematically an example of a device according to the invention, 
having one transmitting and one receiving unit. The entire device consists of a 
first unit 1 communicating with a second unit 2. A connection is made by means 
of a transmission path 3. For communication, the first unit 1 comprises a data 
25 transmitter 4 and the second unit 2 a data receiver 5. Furthermore, the first unit 1 
contains a pseudo random-number generator or random generator 6, the signals 
of which are combined with the signals of the data transmitter. 

In the case that both units exchange information data only at certain times, and 
30 the times between information-data packages are filled with random data, further 
components are necessary. In order that the random data are not misinterpreted 
here by the data receiver 5 as being information data, certain precautions must be 
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taken. Thus, for example, the number of pseudo random data of the data 
packages to be transmitted may be fixed, or transmitted from the data transmitter 
to the data receiver in a specific data package. Furthermore, an information 
exchange between the data transmitter and the data receiver may take place 
5 through an optional signaling line 7. Thus, for example, the data transmitter may 
signalize, by means of a specific logic level on this line, the presence of 
information data or pseudo random data to the data receiver. If, on the other 
hand, the communication is controlled by the data receiver, then it can request 
information data from the data transmitter by means of a signaling line 7. Here 
10 too, pseudo random data are transmitted in the case of no information data being 
sent. 

Fig. 2 shows an example of the emission of information data or pseudo random 
data, plotted along a time axis (t) in a time-dependency diagram. The curve 20 
15 shows the sending of information data during the heavily shaded periods. In the 
intermediate intervals, pseudo random numbers are generated by the pseudo 
random-number generator and sent out by the data transmitter, as shown by the 
curve 21. 

20 Fig. 3_shoyys_an example of _an e of data with the^ aid of a 

pseudo random signal. In this, the curve 31 shows the original data stream, as 
generated from the data transmitter. In the curve 32 a pseudo random sequence 
of the first pseudo random generator is shown. The curve 33 finally shows the 
output signal which is transmitted via the data path. Here this output signal 

25 arises, for example, from an exclusive OR-combination of the signals 31 and 32. 
The input signal of the second movable unit 34 corresponds to the emitted signal 
33. The original data signal 36 can be restored by means of a second pseudo 
random signal 35 from a second pseudo random generator. In this case too, an 
exclusive OR-combination is again made. 

30 

Fig. 4 shows an example of a typical output signal spectrum of a 200 Mbaud PCM 
transmission path during a transmission of a 1 0 1 0 signal. The frequency range 
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of 0-1 GHz is here plotted on the horizontal frequency axis having scale divisions 
of 100 MHz. In this example the maximum signal amplitude is -14.7 dBm. 
The signal amplitude at the uppermost horizontal line (boundary of the diagram) is 
0 dBm. The amplitude decreases by 10 dB per unit in downward direction. 

5 

Fig. 5 shows a typical output signal spectrum of a PCM signal which has been 
8B/10B encoded, again in the frequency range of 0-1 GHz. As is distinctly 
evident here, when compared with the signal of Figure 4, narrowband spectral 
components are present in a substantially larger number. Because of this division 
10 into a plurality of spectral lines, the amplitude of the single spectral lines is 
lowered. Thus, the maximum amplitude of this signal is now at a level of -20.6 
dBm. This represents an improvement of nearly 6 dB over the signal of Figure 4. 

In this diagram the frequency range of 0-1 GHz is plotted on the horizontal 
15 frequency axis having scale divisions of 100 MHz. The signal amplitude at the 
uppermost horizontal line (boundary of the diagram) is 0 dBm. The amplitude 
decreases by 10 dB per unit in downward direction. 

Fig. 6 now shows an exemplification of the spectrum of a 2000 Mbaud PCM signal 
which has been encoded by means of a pseudo random-number sequence. Here 
too, the spectrum is again shown in the frequency region of 0-1 GHz. Now, 
because of the pseudo random number sequence, so many single spectral lines 
appear that they are no longer discernible as such in the illustration, and are run 
together to form an almost continuous cooling curve. Here the highest measured 
signal amplitude is at -32.5 dBm. This represents an improvement over the 
conventional 8B/10B encoded signal of about 12 dB, and an improvement over an 
uncoded signal, as illustrated in Figure 4, of 18 dB. 

In this diagram the frequency range of 0-1 GHz is plotted on the horizontal 
30 frequency axis having scale divisions of 100 MHz. The signal amplitude at the 
uppermost horizontal line (boundary of the diagram) is 0 dBm. The amplitude 
decreases by 10 dB per unit in downward direction. 



